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as the 4’,5’- or 5/,6’-vinyl ether or which may open further to the
hydroxy ketone 9 to allow exchange in a more conventional
fashion.!4

It was anticipated from experiments described in the accom-
panying paper! that in a dichlorovos-inhibited culture of A.
parasiticus, multiply labeled averufin 7 would suffer conversion
to versiconal acetate 10 having both 3C and 2H isotopes at C-1’,
the hemiacetal carbon. For the sake of the envisioned experiment,
a deuterium NMR spectrum!® of this multiply labeled product
was expected to provide the following: First, the 1’-D, which had
been introduced in synthetic averufin! at a known level of en-
richment (ca. 85%), would serve as an internal reference for
integration of the other labeled centers. Second, if an intramo-
lecular Baeyer—Villiger oxidation were operative, the integrated
intensities of deuterium label at C-1":4":6" ought to be 0.85:2:3.
Whereas, if the terminal O-acetyl unit were derived trivially by
intermolecular reaction with endogenous acetylCoA, an acetyl
methyl signal of very low if detectable relative intensity would
be expected at a clearly distinguishable chemical shift.

Averufin (7, 63 mg) was apportioned equally among 21 250-mL
Erlenmeyer flasks containing 10 g of wet 48 h-old mycelial pellets
of A. parasiticus (ATCC 15517) in 100 mL of a replacement
medium®® and 10 ppm of dichlorovos and incubated for 40 h. In
the 2H{'H} spectrum of the isolated versiconal acetate (Figure 1)
the hemiacetal carbon 1’-D appears as a very broad resonance
between & 5.5 and 7. The breadth of this signal arises from several
effects: low rotational mobility, 13C coupling, and the fact that
versiconal acetate in Me,SO exists as an equilibrating mixture’#
of the hemiacetal shown in 10 and that formed to the anthra-
quinone 1-OH as well as a small amount of open form. A two-
deuterium signal for C-4’ appears at § 4.1, sharper owing to greater
local molecular motion. Last, at about 6 1.9 a three-deuterium
singlet is observed (with small acetone impurity to lower field),
corresponding to retention of the trideuteriomethyl.

It may be concluded that in the formation of versiconal acetate
(8) from averufin (2), an intramolecular Baeyer—Villiger-like
oxidation!? takes place to lead to the ultimate loss of the two
terminal carbons of the averufin side chain as acetate in the course
of bisfuran formation. Whether this oxidative cleavage occurs
before or after the chain branching process where the anthra-
quinone nucleus migrates from C-1’ to C-2’ cannot be determined
at present. However, given the constraint of deuterium retention
at C-1’ from 2 to 5 and to C-13 in 1, both the nature and sequence
of the biosynthetic events may be explored in biochemical and
stereochemical experiments with potential intermediates accessible
by extension of the synthetic methods developed for this program.!
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The search for planar, conjugated molecules, capable of forming
stacked complexes, led to our previous investigations of 2,2’-bi-
imidazole (H,biim), 1, which revealed a variety of structural
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possibilities.!> Recently, in an effort to increase the polarizability
and acceptor properties of our compounds, we have synthesized
a remarkable new species, 4,4’,5,5-tetracyano-2,2’biimidazole
(H,Tcbiim), 2.
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Whereas H,Biim has been known for many years* and is readily
synthesized from the bisulfite addition salt of glyoxal reacting with
ammonia,’ similar methods using diaminomaleonitrile (DAMN)
and a variety of coupling reagents failed to produce H,Tcbiim.6
The preparation of H,Tcbiim proceeds by a ring coupling reaction
of 4,5-dicyanoimidazole with 2-diazo-4,5-dicyanoimidazole.’
These reagents were prepared by the methods of the du Pont
group.%?

H,Tcbiim is a colorless, high-melting, air-stable solid. It is
somewhat more soluble in most solvents than H,Biim and is far
more acidic, pK; =~ 2.1, pK, =~ 5.5 measured in 40% (v/v) ace-
tonitrile-0.1 M TEAP. The mass spectrum shows, in addition
to a large parent ion peak at m/e 234.1, principally decomposition
by loss of HCN and (CN),. Three 1*C NMR peaks appear at
140.8, 118.0, and 110.3 ppm relative to Me,Si. Extended Hiickel
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calculations!® on the Tcbiim?™ give charge distributions in accord
with the expectation of strong electron withdrawal by the nitriles
through the = system. Cyclic voltammetry on bis(tetraethyl-
ammonium)Tcbiim in acetonitrile shows two reversible one-
electron oxidation waves at 0.94 and 1.32 V vs. NHE, confirming
the stability of the w-electron system of the anion.

As expected from its acidity, complexes of H,Tcbiim are in-
variably in the dianionic form. Starting from aqueous K,;M(CN),,
M = Ni, Pd, Pt, treatment with H,Tcbiim gives white K,[M-
(CN),(Tcbiim)] although in the case of platinum the yield is low.!!
Susceptibility measurements on the nickel compound confirmed
its diamagnetism, indicative of square-planar geometry.

The structure of these complexes is also apparent from the
infrared spectra, which show absorptions typical of cis ionic
cyanides with splittings of 5-20 cm™ (~2140 cm™) and barely
resolvable splitting of <7 cm™ due to the inequivalent Tcbiim
nitriles (~2225 cm™).

Preliminary analysis of these results suggested that Tcbiim?™
is a ligand of very low o-donor strength and a strong = acceptor.
These tendencies have been verified by the preparation of a series
of complexes of Rh(I) and Ir(I). One useful starting material
for synthesis of these complexes is M(COD)(AcAc)!? (COD =
1,5 cyclooctadiene, AcAc = acetylacetone anion, M = Rh, Ir).
Treatment of this material with 0.5 equiv of H,Tcbiim affords
dimers, similar to those formed by H,biim but with greater
tendency to solvate.

The COD is readily displaced in these compounds by CO,
yielding tetramers of formula M4(CO)g(Tcbiim),, which again
appear to mimic the complicated structures found for the
H,biim.!=® The reactions and interconversions that we have ob-
served are summarized in Scheme 1. The series of composition
M’[Ir(CO)x(Tcbiim)], M’ = K*, Na*, Li*, N(Et),*, are all yellow
in dilute solution but show a variety of colors in the solid state,
ranging from red with N(Et,)* to dark blue with Li*. These color
changes suggested intermolecular interactions of the sort necessary
for developing highly anisotropic properties. Accordingly we have
attempted a number of oxidation experiments on these salts.
Cyclic voltammetry in acetonitrile on N(Et)4[Ir(CO),(Tcbiim)]
gives a reversible two-electron oxidation wave at 0.84 V. Bulk
electrochemical oxidation of this salt yields a solid whose structure
is still under investigation but that does not resemble the highly
conducting anistropic materials. Oxidation by bromine or iodine
yields several isomers of the expected oxidative addition products.
These products do not react with the univalent iridium precursors

(10} Calculations were carried out by using the 1CON 8 program with
weighted Hj; formula. Ammeter, J. H.; Biirgi, H. B.; Thibeault, J. C,;
Hoffmann, R. J. Am. Chem. Soc. 1978, 100, 3686.
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(Kiernan, P; Ludi, A. J. Chem. Soc., Dalton Trans, 1978, 1127). An im-
proved but somewhat more elaborate procedure will be published elsewhere.

(12) Robinson, S. D.; Shaw, B. L. J. Chem. Soc. 1965, 4997,

MY [M(CO) X, (TCbi1m) ]

to produce intermediate valence states.

The IR bands due to CO are typically shifted 5-25 cm™ higher
in H,Tcbiim compounds compared to those of H,biim compounds.
Clearly, H,Tcbiim is a ligand of strong w-accepting properties.
Its synthetic versatility will allow the formation of a wide variety
of compounds especially in combination with metals in low oxi-
dation states. Although H,Tcbiim has not thus far led us to highly
conducting species, structural and synthetic studies are continuing.
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This paper describes the synthesis of the so far elusive?? 2,3-
benzo-1,4-diphenyl-7-silanorbornadiene derivatives (1), which
undergo thermal extrusion of variously substituted silylenes. The
first definitive evidence for the silylene—disilene rearrangement
is also reported.

To a dichloromethane (40 mL) solution of 1,1-dimethyl-2,5-
diphenyl-1-silacyclopentadiene (3a, 525 mg, 2.0 mmol; eq 1) and
1-aminobenzotriazole (4) (402 mg, 3.0 mmol) was added a di-
chloromethane (15 mL) solution of lead tetraacetate (90%, 1.48
g, 3.0 mmol) dropwise during 10 min at 0 °C. The mixture was
subjected to flash chromatography through a short column (3 cm
X 5 cm) packed with silica gel. Benzene was used as an eluent.
Removal of the solvent gave a yellow viscous oil, from which 257
mg (38%) of colorless crystalline 2,3-benzo-7,7-dimethyl-1,4-
diphenyl-7-silanorbornadiene (1a, mp 108-109 °C) was obtained
by addition of hexane followed by standing overnight in a re-
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